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The shikimate pathway is the only known biosynthetic route for de novo synthesis of aromatic 23 compounds. It is described as an ancient eukaryotic innovation that has been retained in a solutions are not currently routinely tested against Acanthamoeba and no single-step contact lens 51 solution has proven effective at decontaminating lenses from Acanthamoeba. Granulomatous
52
Amoebic Encephalitis (GAE) is normally associated with immunosuppression and is almost always 53 fatal as current treatments are generally ineffective (Seijo Martinez et al. 2000) . Identification and 54 exploitation of new antimicrobial targets against Acanthamoeba is therefore desirable.
55
The shikimate pathway is a promising target for antimicrobial design since it is the only 56 known route for de novo synthesis of aromatic compounds. The shikimate pathway was once 57 thought to be restricted to prokaryotes, plants (where it is associated with the chloroplast) and fungi.
58
It has more recently been demonstrated to be present in some chromalveolates including the 59 medically important apicomplexans Toxoplasma gondii and Plasmodium species, at least some 60 ciliates and the agriculturally important oomycete, Phytophthora ramorum (Richards et al. 2006; 61 Roberts et al. 1998 ). The pathway is now known to be present in phylogenetically divergent extant 62 eukaryotic taxa and it has been proposed that it was therefore present in their last common ancestor 63 (Campbell et al. 2004; Richards et al. 2006) . Some additional weight to this is given by the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 4 (Richards et al. 2006) . In contrast, bacterial shikimate pathway enzymes are encoded on individual 72 polypeptides (Roberts et al. 1998 ). This arrangement is conserved in plants with the exception of 3-73 dehydroquinate dehydratase and shikimate 5-dehydrogenase, which form a bifunctional protein 74 (Campbell et al. 2004 ). In addition, two non-homologous types of DAHP synthase (designated 75 class I and II) have been found across a variety of organisms (Butler et al. 1974) . Class I proteins
76
(often occurring as multiple paralogs in a single organism) were originally identified in prokaryotes,
77
but are also found in many fungi and the chromalveolates, Phytophthora ramorum and
78
Phytophthora infestans (Coggins et al. 1987; Herrmann and Weaver 1999; Richards et al 2006) .
79
Although class II DAHP synthases were first identified in plants, they are now known to be in 80 bacteria, fungi and the chromalveolate Toxoplasma gondii (Dyer et al. 1990; Gosset et al. 2001; 81 Richards et al. 2006; Shumilin et al. 1996) . A number of prokaryotes and some fungi including
82
Neurospora crassa contain both classes of DAHP synthases (Walker et al. 1996) . Class I DAHP 83 synthases often existing as multiple paralogs and class II DAHP synthases are frequently regulated 84 by one or more aromatic amino acids (Jensen et al. 2002) .
85
The shikimate pathway is still relatively rare in sampled eukaryotes and is absent in 86 mammals that acquire their aromatic compounds from diet. This makes it an attractive target for 87 antimicrobial agents (Bentley 1990; Jensen 1996; Roberts et al. 2002) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 (Fig. 2B) . Tyrosine, in combination with either phenylalanine or tryptophan, and
115
PABA were neither necessary nor sufficient to ablate glyphosate inhibition (Fig. 2B, C) .
116
Bioinformatic analyses have identified all enzymes necessary for the production of phenylalanine
117
( Fig. 3 ), tryptophan and folates from chorismate (Supplementary Material Fig. S1 ). Enzymes 118 involved in tyrosine biosynthesis directly from chorismate are not present, but those necessary for 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 6 tyrosine biosynthesis from phenylalanine via phenylalanine-4-hydroxylase are present (Genbank 120 ELR14932.1). Notably, the enzymes involved in ubiquinone biosynthesis are not found. 2 showing close similarity (Fig. 5A) , with 2 residues found on the C-terminal -strand which is 145 predicted to be structurally absent in the AcDAHPII structure (Fig. 4A) 
215
The shikimate pathway catalyses the sequential conversion of erythrose 4-phosphate and 216 phosphoenol pyruvate to chorismate in seven steps. The studies described here fully characterise 
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